selection, metabolic differentiation (including changes to hormone and enzyme activity and epigenetic gene regulation), and the polyploidization of the main cells of the liver. 2, 14, 15 The role of hormones as the programming mechanism, particularly those involved with regulation of the hypothalamic-pituitary-adrenal (HPA) axis, has received considerable attention from researchers examining nutrient restriction (NR) in rodents and sheep. [16] [17] [18] [19] Our research on the long-term effects of moderate global maternal nutrient restriction during pregnancy and lactation in socially housed baboons (Papio sp.) looks at the effects of nutrient restriction across a variety of physiological processes. 8, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] The results from these studies have confirmed that offspring born to mothers restricted to 70% of normal nutrient intake weigh approximately 12% less than offspring born to unrestricted mothers and said offspring have thus been described as intrauterine growth restricted (IUGR). 35 The IUGR individuals included in our studies demonstrate a number of physiological, cognitive, and behavioral differences when compared to individuals who developed under nutritional control conditions. For example, IUGR resulted in upregulation of the HPA axis, 26 increased fetal cortisol, 34 impaired ventricular function, 33 insulin resistance, 21 premature brain aging among females, 32 reduced cognitive flexibility, 8 and behavioral changes including low arousal, poor attention, and a difficulty modulating activity. 36 Furthermore, IUGR offspring displayed increased aggression at 3-5 years of age, particularly among males. 23 In that study,
Huber and colleagues speculated that one unexplored explanation for the increased aggression may have been social, with aggression being a behavior learned from their NR mothers, as maternal behavior in nonhuman primates has been shown to have considerable effects on adult offspring behavior. 37, 38 However, little is currently known about how changes in maternal behavior and performance contribute to longterm behavioral/cognitive outcomes in offspring of nutrient-restricted mothers. 17, 39 Therefore, in this study, we explore maternal behavior and performance during NR to better understand the variety of mechanisms that may be influencing these negative outcomes.
A number of studies have demonstrated that maternal behavior, especially that pertaining to anxiety and mother-infant interactions, can have long-lasting effects on offspring behavior during adulthood among non-human primates [40] [41] [42] [43] [44] and other animals. 9, 17, 45, 46 In particular, maternal style has been determined to play a central role in the development of individual temperament, [47] [48] [49] [50] including patterns of reactions to stress 40, 41, 51, 52 and future maternal behavior. 42 In this study, we investigated self-directed behavior (SDB), an often used indicator of anxiety in non-human primates, 41, [53] [54] [55] and social interactions in NR mothers both before and after parturition, as well as a number of aspects of mother-infant interactions during infancy. Research on NR has generated (albeit mostly anecdotal) reports of adverse effects on sociability and temperament in non-human primates, 56 increases in activity levels and stereotypic behaviors in non-human primates, 57 and increased levels of glucocorticoids in rodents. 18, 19, 58 Our team has now demonstrated that NR in baboons can result in increased fetal cortisol levels and an upregulation of the HPA axis in fetal baboons. 26, 59 We therefore hypothesized that NR females would show increased activity levels, reduced sociability, increased rates of aggression, and increased rates of SDB compared to control females. Also, because the presence of an infant following birth increases overall rates of sociality 60 and SDB rates have been shown to increase after birth, 41 we expected that rates of aggression and SDB would be greatest in NR mothers during the postpartum period.
If NR results in an increase in stress, maternal style also may be affected. Female baboons of low rank are known to be more protective of their infants, 42, [61] [62] [63] [64] and it has been suggested that this is the result of increased stress due to limited social support networks. 41 Furthermore, baboon females typically experience an increase in cortisol during the last 2 weeks of gestation that has been correlated with increased mother-infant affiliative interactions after parturition 65 and mothers who are more attentive to infant distress signals during the first 8 weeks of life. 66 It thus follows that anxiety due to nutritional stress may also lead to an increase in protectiveness by baboon mothers. We therefore hypothesized that, relative to controls, NR mothers will exhibit more time in contact with infants, less time out of arm's reach, and higher rates of infant restraint.
| MATERIAL S AND ME THODS

| Humane care guidelines
The study animals were housed in two intact social groups at The 
| Maternal behavior
| Mother-infant interactions
Maternal behavioral was coded based on categories developed by 
| Dominance coding and infant sex
We examined the effects of dominance on both female behavior and mother-infant interactions with a dominance hierarchy established for each cage prior to the onset of detailed behavioral observations following methods described by Bramblett. 68 We also included the sex of the infant when analyzing rates of protective behaviors.
However, because neither dominance nor sex of the infant resulted in any significant effects, these analyses are not presented. 
| Statistical analysis
| RE SULTS
| Female behavior
Activity level (the percent time per observation the subject spent engaged in walking, running, climbing, hanging, or fighting states)
did not differ between the prenatal and postpartum periods (P > .05; Table 1 ). Activity level did not differ between control females and NR females (P > .05). The interaction between treatment and maternal condition did not affect activity level (P > .05).
Affiliative behavior was significantly higher after the birth of an infant (F(1,13) = 41.417, P ≤ .001, eta = 0.87; Figure 1A ). Rates of affiliative behaviors did not differ between control females and NR females (P > .05). The interaction between treatment and maternal condition did not affect rates of affiliative behaviors (P > .05).
Aggression was significantly higher after the birth of an infant (F(1,13) = 6.934, P = .021, eta = 0.59; Figure 1B ). There was a significant simple main effect of treatment group on rates of aggressive behavior (F(1,13) = 5.705, P = .033, eta = 0.55) with control females exhibiting higher rates than NR females. The interaction between treatment group and maternal condition did not affect rates of aggressive behavior (P > .05).
Rates of receiving aggression were higher after the birth of an infant (F(1,13) = 11.318, P = .005, eta = 0.68). Rates of receiving aggression between control and NR females approached significance (F(1,13) = 3.285, P = .093, eta = 0.202) with control females receiving aggression more frequently compared to NR females. The interaction between treatment group and maternal condition did not affect rates of receiving aggression (P > .05).
Self-directed behaviors (SDBs) were significantly lower after the birth of an infant (F(1,13) = 30.779, P ≤ .001, eta = 0.84; Figure 1C ).
There was a significant simple main effect of treatment group on SDB 
| Mother-infant interactions
| Protective behavior
There was no effect of infant age for protective behaviors in aggregate (make contact, restrain infant, and retrieve infant), make contact, or restrain infant (P > .05). However, rates of females retrieving infants approached significance (F(2,18) = 2.908, P = .080, eta = 0.49; Table 2 ). There were no significant differences
TA B L E 1 Female behavior results
Categorical comparison (value ± SE) Prenatal Postpartum
Effect of parturition 
| Proximity
Time spent in contact decreased significantly as infants increased in age (F(2,18) = 18.700, P ≤ .001, eta = 0.82; Figure 4A ). Time spent within arm's reach increased (F(2,18) = 6.633, P = .007, eta = 0.65), and time spent at greater than arm's reach increased significantly (F(2,18) = 10.454, P = .001, eta = .73; Figure 4B ). There were no significant differences between control and NR mothers for time spent in contact, time spent within arm's reach, or time spent at greater than arm's reach (P > .05). The interaction between NR and infant age did not affect time spent in contact, within arm's reach, or at greater than arm's reach (P > .05).
| D ISCUSS I ON
| Parturition and female behavior
As expected, parturition affected female behavior with rates of affiliative and aggressive behaviors increasing after the birth of the infant. Our results are consistent with previous studies in regards to the effects of parturition on social behavior. Specifically, females with infants received more social attention, increasing affiliative and aggressive interactions, including receiving aggression from other individuals. SDB rates decreased after parturition, contrary to the findings of a previous study with this species at this facility. 41 However, Brendt et al 41 suggest that the difference in rates between the two periods in their study may be the result of a suppression of SDB in the prenatal period rather than an increase during the postpartum period. Females in our study were fed in individual enclosures, eliminating feeding competition and likely decreasing the amount of psychosocial stress factors that might affect SDB rates.
| Nutritional regime and female behavior overall
Overall, there were no observed differences in activity level due to treatment group, contrary to our prediction that NR females would show higher activity levels than control females. However, it is important to note that activity levels among all study subjects were consistently very low with activity rates averaging only 5% of the time observed and ranging from 2 to 10% of the time. While previous studies of NR in Old World primates have shown increased levels of activity as a result of NR, 57 these were studies that were using socially housed but also socially fed primate groups. Vitousek et al 39 have suggested that the increased activity levels reported by
Weed et al 57 are due to intense activity prior to feeding times and in fact mask overall lower activity rates throughout the rest of the day.
While rates of affiliative behaviors rose significantly following the birth of the infant as expected, no differences were detected between treatment groups. Rates of aggression were higher in control females, contrary to our prediction that NR females would en- Time in contact 90.3% ± 2.3% 69.5% ± 5.4% 57.3% ± 6.1%
Within AR 5.6% ± 1.9% 16.1% ± 3.6% 20.2% ± 6.3%
Greater than AR 4.0% ± 1.4% 14.3% ± 4.5% 22.3% ± 4.2%
Control NR
Effect of treatment use, increasing glucocorticoid output but maximizing energy available for offspring development. Despite research demonstrating an increase in fetal cortisol due to nutrient restriction, our research team did not find significant differences in maternal cortisol among this study group, 34 suggesting that SDB was not an effective means of mitigating glucocorticoid output. Therefore, it is more likely that SDB is reduced in NR females during pregnancy due to decreased available energy.
As mentioned above, the differences in activity rates in the current study were not statistically significant; however, in previous work by our team using the same model of NR and the same species, activity levels derived from accelerometers attached to the animals' collars revealed significant differences in activity levels even in the absence of clear differences in activity budgets. 31 Those results suggest that accelerometers may record inconspicuous, but metabolically important, movements. SDB may fit this definition. In other words, eliminating subtle activities may yield adaptively significant energetic savings that protect fetal growth during NR. 
| Nutrition restriction and maternal behavior
The second aim of this project was to determine whether NR led to significant differences in mother-infant interactions and maternal style. While we found no significant differences in protective behaviors across the entire study period, we did find a decrease in the percentage of time mothers spent in contact with infants, as expected.
In the wild, 2 months after birth marks an important stage in infant development, with infants traveling independently and engaging in more social interactions at this age. 72, 73 Furthermore, our data show clear trends with NR mothers spending more time in contact with infants and infants of NR females closer to their mothers.
In the absence of other clear differences in female behavior postpartum, we attribute the noticeable trends in contact and proximity to differences in activity rates of the infants born to NR females-presumably lower due to energetic deficits-rather than to differences in maternal style. Therefore, we reason that well-fed infants are more interested in leaving their mothers while those who are nutritionally taxed remain in contact with their mothers. [74] [75] [76] A second possibility is that the trends in contact and proximity between control and NR subjects are due to differences in offspring temperament, as has been documented in IUGR offspring of both rodents and sheep 9, 10 and in non-human primate studies investigating the effects of differences in available milk energy and cortisol in mother's milk. [76] [77] [78] Our team also found less motivation in IUGR offspring during adolescence, 8 which may also lead to more time spent in close proximity to mothers during infancy.
In conclusion, NR resulted in lower rates of aggressive behaviors and lower rates of SDB, particularly during the prenatal period. However, because rates of activity were lower than expected, 
